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Introduction
Obligate avian brood parasitism is a reproductive strategy in which a female lays all of her eggs in another species' nest and relies on the "host" to rear her young. Hosts that accept the parasitic young usually experience reduced reproductive success, which has resulted in the evolution of a suite of adaptations by hosts to counter these costs (Payne 1977; Rothstein 1990; Ortega 1998; Davies 2000) . The success of parasitism among potential host species is variable and, therefore, we may ask: what constitutes a good host? When any bird lays an egg in another bird's nest, the probability of success is increased if the host species is able to raise the parasite's offspring to independence. Friedmann (1929 Friedmann ( , 1963 proposed four requirements with respect to the suitability of hosts of parasitic cowbirds (Molothrus spp.): (1) they exhibit an altricial posthatching pattern of development, (2) they lay eggs not much larger than the cowbird's, (3) they exhibit the "normal method" of feeding nestlings, i.e., adults placing food into the nestlings' gaping bills, and (4) they feed young a "typical passerine" (arthropod) diet that will also sustain the cowbird's development (also see Ortega 1998; Peer and Bollinger 1998) . Underlying these conditions is the basic one that the host accepts foreign eggs (Rothstein 1975) .
Eggs of the obligate brood-parasitic Brown-headed Cowbird (Molothrus ater) have been found in nests of more than 220 species of birds, of which more than 140 species of passerine birds have been documented as fledging the parasite's young (Lowther 2010). The Brown-headed Cowbird, therefore, has been designated a generalist parasite because of its use of so many hosts, in contrast to many species of parasitic cuckoos in which females parasitize only a single host species (Davies 2000) . Among the species whose clutches have been recorded receiving one or more Brown-headed Cowbird eggs are ones in which the young parasite, even if hatched, stands no chance of survival because the patterns of development of host and cowbird are completely incompatible. This is termed "inappropriate" laying, although it has also been called "egg-dumping" and "freak" or "accidental" laying by other authors (e.g., Friedmann 1966; Friedmann et al. 1977) . The host species may be precocial (e.g., ducks and shorebirds) and, because the young leave the nest within a few hours of hatching, the cowbird is left behind. Other inappropriate hosts, however, may be altricial (e.g., doves and cuckoos); although the young develop in the nest, the cowbird's diet requirements are not met. Speculation on the reasons for inappropriate laying has focused on indiscriminate laying by Brown-headed Cowbirds or females committed to laying their eggs on a given morning forced at the last minute to lay elsewhere, after discovering their previously selected nest has been destroyed.
Objectives
The first objective of this review was to compile the anecdotal records of inappropriate laying by the Brownheaded Cowbird that are scattered throughout the liter-ature, although most have been included in host catalogues and supplements compiled by Friedmann (1931 Friedmann ( , 1963 Friedmann ( , 1966 Friedmann ( , 1971 , Friedmann et al. (1977), and Friedmann and Kiff (1985) and, more recently, listed in Ortega (1998) and Lowther (2010) . I corresponded with curators of egg collections and, if possible, original observers to augment details of records and clarify information on the provenance of clutches and success of host and cowbird. This met with variable success, but I summarized the information available for each record regardless of completeness to bring the records up to date.
The second objective was to examine the act of inappropriate laying in the context of results of recent studies of nest-searching behaviour and time of day of laying by Brown-headed Cowbirds and hosts and to suggest studies using techniques of electronic surveillance of nest-searching and laying females to remove the anecdotal records from the realm of speculation.
In the "normal laying" hypothesis, Brown-headed Cowbirds lay dozens of eggs in random nests as encountered, including the occasional inappropriate nest or already-parasitized nest of a regular host. In the "emer gency laying" hypothesis, females that discover that a previously selected nest has been destroyed, unable to retain their hard-shelled eggs in the oviduct for more than a few hours, need another place to lay. Laying in inappropriate nests would be expected to occur around sunrise, at the cowbird's normal laying time (Scott 1991; McMaster et al. 2004) , if nests are preselected, or later in the day if laying is an emergency.
Records of Inappropriate Laying
Inappropriate laying is a rare event. Forty-four nests of 16 inappropriate "host" species have been recorded: 23 nests of nine precocial species, i.e., water birds and shorebirds, and 21 of seven altricial species, i.e., a raptor, doves, cuckoos, a hummingbird, and a woodpecker (Appendix I). All nests received one cowbird egg, except for a Blue-winged Teal (Anas discors) nest that received two cowbird eggs plus a third cowbird egg dis covered on the ground nearby and two Wilson's Phalarope (Steganopus tricolor) nests that each received two cowbird eggs. Sixteen (69.5%) of the 23 cases of inappropriate parasitism on precocial species involved four species of shorebird, but, among these, eight (50%) were of parasitism on the Spotted Sandpiper (Actitis macularius). Frequency of parasitism on the 21 altricial species involved eight records (38.1%) of doves and 10 records (47.6%) of cuckoos.
The rarity of cowbird parasitism on two inappropriate host species listed in Appendix I (Mourning Dove [Zenaida macroura] and Black-billed Cuckoo [Coccyzus erythropthalmus]) was confirmed by co-workers and me; we recorded no parasitism on over 400 nests of the former species and over 60 nests of the latter, examined over more than 35 years (1974-2010) of monitoring a Brown-headed Cowbird host community at Delta Marsh, Manitoba. Mourning Doves eject some cowbird eggs from their nests (Peer and Bollinger 1998), but we likely would have recorded some parasitism on this species, even if it had occurred infrequently.
Of the 23 parasitized nests of precocial species, (1) six failed (three depredated, two flooded, and one deserted before cowbird eggs were laid); (2) cowbird egg(s) disappeared from three (one nest later depredated); (3) a cowbird egg was collected from one nest, but the host clutch remained active; (4) host eggs but not cowbird eggs hatched at three nests; and (5) fates were undetermined at 10 nests. Of the 22 parasitized nests of altricial species, (1) two failed (one depredated and one deserted); (2) a cowbird egg disappeared from one nest that was later depredated; (3) parasitized clutches were collected from five nests; (4) a cowbird egg hatched, but the nestling disappeared from one nest; (5) unsubstantiated record of cowbird fledging from one nest; and (6) fates were undetermined at 11 nests.
Discussion
Parasitism on nests in which a young Brown-headed Cowbird stands no chance of success is extremely rare, in light of the thousands of reports of parasitism on nests of passerine species that traditionally serve as hosts (lists compiled by Herbert Friedmann and colleagues [also references in Appendix I]; also Ortega 1998; Lowther 2010). This parasitism is probably inconsequential to the reproductive success of parasite and host and, therefore, of little evolutionary importance. Nests that failed apparently did so unrelated to parasitism or the clutches were collected by oologists; nests that remained active generally were not inspected frequently enough to determine the outcome (Appendix I). The cowbird's success was limited in the first place because of its 10-to 11-day incubation period (Briskie and Sealy 1990); thus, if hatching had occurred, the cowbird would have hatched before host young and perished from lack of parental care.
It is most interesting that this laying occurs at all, in light of the time of day of nest searching and laying by Brown-headed Cowbirds. Were these nests previously selected for parasitism or were they used as receptacles for eggs laid in an emergency after the cowbird discovered its chosen nest had failed? Studies of ovarian development of cowbirds, based on dissections of gravid females collected over the breeding season (Payne 1976; Scott and Ankney 1980, 1983) or keeping track of eggs laid in aviaries (e.g., King 1979; Holford and Roby 1993) have shown that some females are capable of laying up to several dozen eggs during the breeding season. This has led some authors to suggest that females parasitize nests as they en counter them, regardless of the potential for success, i.e., a "shotgun" approach (e.g., Preston 1948; Rothstein 1976) , in the likelihood that a young cowbird will be reared. Recent studies involving molecular genetic techniques, however, have revealed that cowbirds lay fewer, more valu-THE CANADIAN FIELD-NATURALIST Vol. 129 able eggs during the breeding season, which suggests selectivity among nests parasitized (reviewed in Sealy et al. 2002) .
The following scenario may be envisioned, leading up to a Brown-headed Cowbird laying in an inappropriate nest. Laying occurs during a remarkably short and consistent 20-minute "window" around sunrise (Scott 1991; McMaster et al. 2004; Ellison and Sealy 2007) , before potential hosts have laid (Neudorf and Sealy 1994). Females then generally search for and apparently select the next nest for parasitism, although nothing is known about whether females "line up" nests for parasitism. By late morning, females have generally left the host nesting area and travelled to areas to forage, eventually flying to a roost site in the evening (e.g., Rothstein et al. 1984; Curson et al. 2000) . Before sunrise the next morning, females fly directly to the selected nest, approach it "stealthily," often in the dark (Scott 1991; Sealy et al. 2000; Sealy and McMaster 2004) , and parasitize it within a few seconds (Sealy et al. 1995) . If the selected nest has been depredated, has failed because of inclement weather, or the cowbird's attempt to parasitize it is thwarted by aggressive adults (Neudorf and Sealy 1994; also see Ellison and Sealy 2007), the female is forced to lay its egg elsewhere, which possibly accounts for records of laying 2-3 h after sunrise (e.g., Friedmann 1929; Kinser 1973).
Knowledge of the time of day cowbirds parasitized a sandpiper's, duck's, or dove's nest should reveal whether the nest has been selected originally for parasitism or parasitized in an emergency. If selected previously, the nest would be expected to have been parasitized around sunrise, the cowbird's usual laying time; if the cowbird had been forced to use the nest as an alternative receptacle, parasitism would probably have occurred later in the day. If no alternative nest is available, the cowbird may be forced to lay the egg on the ground, possibly eating it and gaining nutrients (Scott et al. 1992) . Rather than discard the egg in an emergency, however, cowbirds may benefit by laying in already-parasitized nests.
Friedmann (1929) noted in passing that, in an emergency, a cowbird may lay in a nest of one of its regular hosts, even if it or another female has already parasitized it. In this case, young may be produced, which would account for the rarity of finding cowbird eggs laid on the ground. Multiple parasitism (more than one cowbird egg in a clutch) occurs frequently in many host populations (e.g., Ortega 1998; Trine 2000), including three species of hosts at Delta Marsh (Sealy 1992; Woolfenden et al. 2004) . Using techniques of molecular genetics, two different groups of female Brown-headed Cowbirds were identified laying in already-parasitized nests: different females parasitizing the same nest and the same females parasitizing a nest again (McLaren et al. 2003 ; also see Ellison et al. 2006) . Females that re-parasitize a nest may be laying in an emergency, pos sibly later in the morning, but without information on the time of day of laying by all cowbirds at multiply parasitized nests, repeated parasitism has been assumed to be normal laying. Data on timing of multiple parasitism in southern Texas (Ellison and Sealy 2007) , obtained through watches at host nests of Brown-headed Cowbirds and Bronzed Cowbirds (M. aeneus), revealed that despite frequent multiple parasitism, usually by several females on the same nest and morning (Ellison et al. 2006) , cowbirds tended to visit nests alone. More than one Brown-headed Cowbird arrived at the same nest only twice and, in each case, both cowbirds parasitized the nests. It was not known, however, whether both individuals had selected these nests for parasitism on those particular mornings.
Future Directions
Explanations for parasitism by Brown-headed Cowbirds on inappropriate hosts and elucidation of details of nest-searching behaviour in general will remain most ly speculative until researchers employ recent advances in electronic surveillance, such as passive integrated transponder technology, with passive readers and antennae (Smyth and Nebel 2013) or radio-telemetry in the same way (Wyllie 1981; Honza et al. 2002) to track the female cowbird's every movement during the breeding season. This technology may enable collection of the fine-scale spatial data necessary to reveal which nests are selected for parasitism and parasitized. Perch sites and the time spent on them by females could be measured in relation to the nest that is to be parasitized, linking perch site and host nest and, thus, confirming parasitism on selected nests at dawn (Scott 1991; McMaster et al. 2004) . Nests inspected later by the researcher would confirm parasitism, because the tracking system would only reveal that the nest had been visited by a particular cowbird at a particular time, not that the cowbird had parasitized it. (Video cameras positioned above [open-cup] nests may confirm that parasitism occurred [Sealy et al. 2000] , whereas nests would be inspected daily to monitor contents leading up to parasitism.) Information processed by nest-searching female Brown-headed Cowbirds and other brood parasites likely involves interactions among body condition and fecundity, availability of suitable hosts, responses to features of the landscape, and spatial memory; gathering such information requires continuing studies in the laboratory and detailed monitoring of movements of free-ranging individuals (e.g., Rothstein et al. 1987; Gates and Evans 1998; White et al. 2009; Guigueno et al. 2014 
